ABSTRACT Decades of genetic selection have generated 2 different, highly specialized types of chickens in which 1 type, known as the layer-type chicken, expresses high laying performance while the other type, known as the broiler-type chicken, is dedicated to the production of fast-growing birds. Selected lines for the latter type often express disorders in their reproductive performance including early sexual maturation and accelerated, non-reversible seasonal decline of their semen production and mating behavior. The aim of the present study was to characterize some metabolic markers of the Sertoli cell populations. Sertoli cells are somatic cells known to support, coordinate, nourish, and protect the germ cell populations from onset to the end of their meiotic process. Comparisons of gonadal development between males of the 2 genetic types taken at their pre-pubertal period indicated that the testes of layer-type chickens are significantly less developed than in broiler-type males taken at the same age. In addition, cultures of purified Sertoli cells from the 2 types revealed in vitro a higher proliferative capacity when issued from layer compared to broiler-type chickens. This was associated with a higher expression of the genes involved in the beta-oxidation of fatty acids (CPT1; PPARβ) as well as a 4-fold increase in the Lactate Dehydrogenase-A expression and activity. In contrast, Sertoli cells from broiler-type chickens presented an elevated activity of citrate synthase and mitochondria, suggesting a better efficacy of aerobic metabolism in Sertoli cells from broiler compared to layer-type chickens. Moreover, the testis from broiler-type chickens seems to be more sensitive to oxidative stress due to the lower global antioxidant capacity compared to layer-type chickens.
INTRODUCTION
Intense and permanent genetic selection conducted in chickens over the past decades has resulted in the emergence of highly specialized lines which can be classified into 2 main types of birds in which 1 type, referred to as the layer type, expresses high and durable laying performance while the other type, known as the broiler type, produces fast-growing progeny dedicated to meat production (Emmerson, 1997; Buza la et al., 2015; Nangsuay et al., 2015; Buzala and Janicki, 2016) . As a consequence of this selection for broiler-type chickens, the age at processing to reach a given body weight has been dramatically reduced, decreasing, for C 2017 Poultry Science Association Inc. Received October 13, 2016. Accepted 0, 0000. 1 Corresponding author: pascal.froment@inra.fr example, from 84 d of age in 1956 to 34 d of age in 2000 to reach 1.82 kg (Hafez et al., 2005) . Similarly, broiler chicks are 5-fold heavier than layer birds at 42 d (Zhao et al., 2004) . However, such changes in the growing rate potential of broiler-type chickens have been accompanied by alterations of their reproductive capacity such as a shortened fertile period, increased rates of early embryo mortality (+16.4%) (Buza la et al., 2015) , and, more generally, reduced hatchability (Emmerson, 1997; Joseph and Moran, 2005) despite the low heritability of reproductive traits (Lake, 1957; Barbato, 1999) .
Currently, the molecular mechanisms leading to distinct phenotypes between broiler-type and layer-type chickens have not yet been fully clarified despite several well established divergences in their metabolic functions (Julian, 2005; Buza la et al., 2015) . The difference between the 2 chicken lines appear quickly with the egg composition and the growth rates. Thus, differences in growth rates were clearly apparent in the 2459 growth rate of chicken embryos from the 2 types (Ohta et al., 2004; Sato et al., 2006a Sato et al., , 2006b Sato et al., , 2007 . More generally, differential genetic selection has induced differences in the composition and hormone concentration at yolk level, along with changes in lipid metabolism and O 2 consumption of embryos. Interestingly, the yolk from broiler-type chickens is able to accelerate the development rate of layer-type embryos. In addition, chickens of broiler type are more efficient at producing and utilizing metabolizable energy than those from the layer type (Swennen et al., 2007) . The contribution of oxidative metabolism and mitochondria seems to be a target of the genetic selection as attested by the higher rate of O 2 consumption and fat oxidation in broiler embryos (Janke et al., 2004; Druyan, 2010) . Moreover, broiler chicks present a lower hepatic glycogen content (Sunny and Bequette, 2011; Molenaar et al., 2013 ) and a higher body temperature compared to chicks from a layer type (Andrewartha et al., 2011) . In maturing birds, rapid growth rates are accompanied by the occurrence of early sexual maturity and low persistency of sperm production resulting in a premature decline of fertility in breeder flocks. In order to limit the negative consequences of a selection on rapid growth rates in chicken breeders from a broiler type, a drastic restriction of feed allowance has long become the rule in young flocks. In contrast, males from a layer type naturally present low growth rates and delayed sexual maturity compared to males from a broiler type while their gonadal development and sperm production is durably maintained during the reproductive season.
In order to initiate and coordinate the complex processes of sperm production, germ cells are surrounded by a specific microenvironment (niche) established by Sertoli cells, a category of somatic cells exerting a nursing and supporting role over the germ cells undertaking the processes of meiosis (de Reviers et al., 1980; Petersen and Soder, 2006) . The quantity and quality of germ cells produced in a given male are themselves dependent on the number and function of Sertoli cells (de Reviers et al., 1980) . In contrast to mammals, the duration of spermatogenesis in the chicken is only 14 days compared to, for example, 35 and 74 days in the mouse and human testis, respectively (Brillard and de Reviers, 1981) . Sertoli cells are themselves highly sensitive to external signals (energy, exogenous factors, or hormones) and present an elevated metabolism resulting in the production of lipids and energy (i.e. lactate) which are transferred to germinal cells as source of nutrients and proteins.
Because the mechanism involved in the regulation of male fertility through their growth rate and energy balance remains poorly understood, the objective of this study was to compare the proliferation and metabolism of Sertoli cells during testicular development in males from a broiler and a layer type.
MATERIALS AND METHODS

Animals
About 20 one-day-old male chickens from a breeder broiler type (Ross) and 20 one-day-old male chickens from a breeder layer type (ISA Brown) were purchased from the Institut de Sélection Animale (Saint Brieuc, France). Chickens were raised at the INRA experimental PEAT unit under the European welfare and the French Direction of Veterinary Services regulations (agreement number C37-175-1). All birds were fed a conventional balanced diet ad libitum based on corn, wheat, peas, soybean meal, corn gluten, and rapeseed oil (12.8 mJ/kg) and had free access to water. Chickens were maintained in a 16 h light/8 h dark photoperiod. All procedures referring to bird treatment and environment were carried out in accordance with the European legislation for animal experimentation (Directive 86/609/EEC) and the French legislation for animal research.
Isolation of Chicken Sertoli Cells
Sertoli cells were purified as previously described in (Guibert et al., 2011) from immature 6-week-old chickens, or from older chickens (10 to 12 week-old) presenting 500 mg testis weight (a stage where germ cells start in meiosis) or 1,000 mg testis weight (stage of the first spermatozoa produced). A total of 10 6 purified Sertoli cells were pelleted for lactate, ATP, lipid content, antioxidant capacity, and enzymes activity (lactate dehydrogenase, LDH; citrate synthase, CS; β-hydroxyacyl CoA dehydrogenase, HAD; and catalase).
Culture of Sertoli cells were performed in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)-buffered F12/Dulbecco's modified Eagle's medium (DMEM/F12) (Sigma, l'Isle d'Abeau Chesnes, France) supplemented with 100 units/mL penicillin and 100 μg/mL streptomycin (Sigma, l'Isle d'Abeau Chesnes, France) in a humidified atmosphere of 5% CO 2 at 37
• C. Cells were seeded, in a DMEM/F12 supplemented with 5% foetal calf serum (FCS) for 6 hours, at 1 × 10 6 cells/well (in 6 well plate) for Real-Time Quantitative Reverse Transcription PCR (qRT-PCR) analysis and cyclic adenosine monophosphate (cAMP) content analysis; at 2.5 × 10 4 cells/well (in 96 well plates or in chamber slides) for 5-bromodeoxyuridine (BrdU) incorporation, cell viability (methylthiazolydiphenyl-tetrazolium bromide, MTT), and mitochondrial activity. The 5% FCS-DMEM/F12 was changed after the first 6 hours with a DMEM/F12 without FCS. For analysis of cAMP content, Sertoli cells were starved 24 h in DMEM/F12 culture medium, then stimulated 15 min with 100 ng/mL ovine Follicle-stimulating Hormone (FSH) (Sigma l'Isle d'Abeau Chesnes, France). At the end of the culture, media were collected and cells trypsinized, pelleted, and stored at −80
• C for further analyses.
Viability and Proliferation
Cell viability was estimated by a MTT colorimetric assay based on the cleavage of tetrazolium salt MTT to MTT-formazan product by mitochondrial dehydrogenases from living cells (Sigma, l'Isle d'Abeau Chesnes, France). Four hours prior to performing the test, the medium was replaced by a fresh medium containing 10% MTT solution and a MTT solvent containing isopropanol and 0.1 N HCl added. The absorbance of the purple MTT formazan was measured on a spectrophotometer (Tecan Infinite M200, Tecan, Männedorf, Switzerland) using a micro-plate reader. The amount of MTT formazan produced is proportional to the number of viable cells. Results were expressed as the mean of 3 independent experiments performed in triplicate.
Sertoli cells proliferation was estimated by BrdU incorporation, 24 h after seeding. Sertoli cells were labelled for 24 h with 10 μM BrdU (Sigma, l'Isle d'Abeau Chesnes, France), then fixed for 10 min in 4% Paraformaldehyde (PFA)/PBS. BrdU positive cells were immunostained after indirect immunofluorescence as described (Migliorini, et al., 2002) and counted in at least 20 different microscopic fields with a minimum of 1,000 cells in each condition. Analyses were performed from 3 different cultures.
The mitochondrial activity was determined by staining mitochondria in live cells with MitoTracker Orange CM-H2TMRos which fluoresces upon oxidation (ThermoFisher, Courtaboeuf, France). Cells were exposed to 500 nM MitoTracker Orange CM-H2TMRos for 15 min at 37
• C, then cells were washed, fixed in 4% PFA/PBS, counterstained with 4 ,6-diamidino-2-phenylindole (DAPI) and examined using standard immunofluorescence microscopy. The surface and intensity of mitochondrial staining was quantified using an image analysis software (ImageJ, v 1.48, NIH, Bethesda, USA). One hundred cells were counted in each test, and the results were presented as the mean value of 3 experiments.
Metabolite Assays (ATP, cAMP, Lipids, Lactate, Antioxidant Capacity)
Frozen Sertoli cells and testis were suspended in PBS and exposed to 3 repeated freeze/thaw cycles and analyzed in an adapted buffer as recommended in ad hoc molecular kits. The ATP and the cAMP concentration were measured by Cell-Titer-Glo Assay and the cAMP-Glo Assay, respectively (Promega, Madison, USA). Phospholipids, triglycerides, and cholesterol concentrations were determined by spectrophotometric assays using a commercial kit (Biolabo, Maizy, France). Lactate concentrations were quantified directly in the culture medium using commercial spectrophotometric assays (Sigma, l'Isle d'Abeau Chesnes, France).
The total antioxidant capacity was measured based on the ability of antioxidants present in testicular extracts (vitamins, proteins, lipids, glutathione, uric acid, etc. . . ) to inhibit the oxidation of 2,2 -azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS). The antioxidant capacity of testicular lysates was determined by the Cayman's antioxidant assay kit according to the instructions manual (Cayman, Interchim, Montluçon, France). All standards and samples were assayed in duplicate and all assays were used according to the manufacturer's recommendations.
Results obtained from testicular or Sertoli cells extracts were normalized with reference to the protein concentration present in each sample. The protein concentration was determined using a colorimetric assay kit (DC assay kit; Uptima Interchim, Montluçon, France). For each sample, a minimum of 3 different cell extracts were replicated as detailed in the figure legend.
Enzymatic Activity
The catalase activity was measured from frozen testis by using a catalase assay kit (Cayman Chemical Company, Ann Arbor, MI) while its absorbance was measured by spectrophotometry using a micro-plate reader (Tecan Infinite M200). In frozen Sertoli cell pellets, the levels of β-hydroxyacyl CoA dehydrogenase, citrate synthase, and lactate dehydrogenase activity were measured as described in (Loyau et al., 2014) . Briefly, samples were thawed and homogenized in an icecold phosphate buffer (Ultraturrax, Ilka-Verke, Staufen, Germany). Homogenates were sonicated for 2 min at 8.5 to 8.8 Watts and centrifuged (1,500 g for 10 min at 4
• C) before collecting the supernatant. The activity levels of HAD, CS, and LDH were determined at 30
• C using the spectrophotometric method (Bass et al., 1969) .
RNA Isolation and Quantitative Real-Time PCR Analyses
Total RNA was extracted using Trizol according to the manufacturer's procedure (Invitrogen, Life Technologies, Courtaboeuf, France) before their treatment with DNAse using an Ambion's DNA-free kit (Clinisciences). Real-time qRT-PCR was performed as previously described (Joubert et al., 2010) . Briefly, RNA samples were reversetranscribed using RNase H-MMLV reverse transcriptase (Superscript II, Invitrogen, Illkirch, France) and random primers (Promega, Charbonnières les Bains, France). cDNA samples thus obtained
1,3-di-amine (SYBR) Green I qPCR Master Mix Plus (Eurogentec, Angers, France) as well as specific reverse and forward primers previously designed and validated by sequencing the endpoint PCR product to quantify each target gene. The list of primers was noted in Table 1 and described in (Joubert et al., 2010) .
A normalization factor was calculated from threshold PCR cycles from the genes encoding β-actin, 
Histology of the Testes
Testis from a 10-week-old chicken was fixed in formalin, paraffin-embedded, and sectioned (7 μm) as described in (Guibert et al., 2011) . Sections were dewaxed and re-hydrated in xylene then in decreasing concentrations of alcohol (100, 90, and 75%). After 10 min washes in tap water, sections were stained with the feulgen technique and sections were mounted with Dapex. Then, we measure the diameter of the round seminiferous tubules (an average of 100 tubules per animal, 4 animals/chicken line).
Statistical Analysis
Data were presented as the mean ± SEM. Unpaired Student t test was used to compare the 2 groups of chickens. Statistical analysis was performed by using GraphPad Prism 5 (La Jolla, CA). Values were determined to be significant when P ≤ 0.05: * ; P < 0.01: * * ; * * * P < 0.001.
RESULTS
Testis Weight in Broiler and Layer-Type Chickens
Testis weight of 6-week-old chickens was 4-fold higher in broiler compared to layer-type chickens ( Figure 1A ). Reported to the body weight, the testis growth in both chicken lines followed an isometric distribution (ratio testis weight/body weight; Figure 1A) . Thus, in 10-week-old chickens, the diameter of the seminiferous tubules was slightly higher in broiler chickens (68.51 μm ± 1.4) compared to layer-type chickens (64.60 μm ± 1.1; Figures 1B  and C) . In addition, the histological analysis revealed only in broiler chickens some differentiated germ cells (spermatids), but none in the layer-type chickens.
The ability of Sertoli cells to proliferate was analyzed by in vitro experiments of purified Sertoli cells. Sertoli cells were prepared at the same stage of testicular development (500 mg testis weight, where the first germ cells in meiosis were identified; or 1,000 mg testis weight, stage of the first spermatozoa) or at the same age (6-week-old immature chickens). In all cases (same age, same maturation), the purified Sertoli cells from layer-type chickens showed a higher proliferative ability in vitro compared to Sertoli cells issued from the broiler type (Figures 2A and B) . Meanwhile, no difference was observed between the 2 chicken lines after insulin stimulation (Figure 2A) . Interestingly, the higher proliferation rate of Sertoli cells from the layer type was conserved even after 5 days of culture (Figure 2A ).
Energy Production in Layer and Broiler-Type Testes
Similar concentrations of energy (ATP content) were measured in the testis and in Sertoli cell cultured issued from broiler or layer-type chickens ( Figure 3A) . However, cultured Sertoli cells from the layer type produced The number of viable chicken Sertoli cells prepared from broiler and layer testis weighing 500 mg was determined indirectly by MTT assay at day 3 and day 5 of culture. Sertoli cells were seeded at 10,000 cells at day 0 in culture medium supplemented with 2.5% FCS, and stimulated or not with insulin (100 ng/mL) for 5 days. n = 3 independent experiments performed in triplicate. (B) Sertoli cells were prepared from 6-week-old broiler and layer chickens, or from 500 mg (germ cells in meiosis) or 1,000 mg testis (first spermatozoa are produced). Cells were cultured 48 h and were labeled with BrdU for the last 24 h of culture (n = 3). Values are the mean ± SEM; * P < 0.05; * * * P < 0.001. more cAMP than Sertoli cells from the broiler type ( Figure 3B ), while the enhanced cAMP content induced by 15 min FSH stimulation appeared similar between the 2 types ( Figure 3B ). Analysis of lipids parameters revealed higher triglycerids and cholesterol contents in testicular extracts from layer compared to broiler-type chickens ( Figure 3C ), while the lipid content of Sertoli cells appeared similar between the 2 types.
Metabolic Markers in Layer and Broiler Sertoli Cells
Analysis of several metabolic genes revealed a higher expression of the genes involved in the beta-oxidation of fatty acids in layer compared to broiler-type chickens (CPT1; PPARβ) and a 4-fold increase of the Lactate Dehydrogenase A (LDHA) in layer Sertoli cells ( Figure 4A ). Gene expression of PPARα which influences cholesterol metabolism or the expression of master genes regulator of mitochondrial biogenesis (PGC1α, AMPKα) were comparable between cultured Sertoli cells from layer versus broiler-type chickens ( Figure 4B ).
LDHA expression was confirmed by determining the LDH activity and lactate concentration. In both instances, the activity was greater in testicular extracts from layer compared to broiler-type chickens, suggesting the prevalence of anaerobic glycolysis in the chickens from the layer type ( Figures 5A and B) . In contrast, the activity of Hydroxyacyl-CoA dehydrogenase, an enzyme involved in mitochondrial β-oxidation, was similar between Sertoli cells from the both chicken types ( Figure 5C ). Interestingly, the activity of citrate synthase, a key enzyme of the Krebs cycle and of the aerobic metabolism ( Figure 5D ) was more elevated in Sertoli cells from the broiler type. This activity was associated with a 2.7-fold increase of active mitochondria (intense staining of the mitotracker) in broiler-type Sertoli cells ( Figure 5E ). In addition, the testis from the broiler type could be more sensitive to oxidative stress due to the lower global antioxidant capacity content (including vitamins, proteins, lipids, enzymes, etc. . . ) compared to the layer type ( Figure 6A ). However, we have not reported a difference either for the catalase activity ( Figure 6B) 
DISCUSSION
A comparative analysis of several metabolic markers in purified cultured Sertoli cells from 2 chicken lines (broiler vs layer-type) has shown a difference in the (A) (B) Figure 4 . mRNA expression in layer compared to meat-type Sertoli cells. The mRNA expression levels were examined using quantitative real-time PCR analysis. Metabolic gene expression was involved in (A) fatty acid oxidation (CPT1, PPARβ), anaerobic glycolysis (LDHA), (B) and mitochondrial activity (PPARα, PGC1α, AMPKα). Values were standardized using the "geNorm" factor calculated from the expression of Cytochrome b. Values are the mean ± SEM of 7 independent samples.
* P < 0.05. molecular pathway used to produce energy in the testis. Thus, testes from a broiler type used mainly an aerobic metabolism while anaerobic glycolysis was prevalent in the testes from the layer type. Anaerobic glycolysis, which is associated with a high lactate production, requires less oxygen and produces less energy than oxidative phosphorylation. In the present study, we observed a delayed testis development and a higher antioxidant capacity in the testes from the layer compared to the broiler type. Phenotypic comparison between the 2 chicken types at first revealed a marked difference in testis development at a given age and was in concordance with previous reports (de Reviers, 1996) . The analysis of Sertoli cells proliferation in in vitro experiments indicated a higher rate of cell proliferation in layer compared to broiler types during the pre-pubertal stage irrespective of age or developmental stage of the testes (500 mg or 1,000 mg). We have noted that Sertoli cells from layer-type chickens presented an elevated basal cAMP content without a difference in the ATP production.
The gonadotropin hormone (FSH) which increases the production of cAMP is known to stimulate the Sertoli cell proliferation in different species, including the chicken, as we have previously reported (Guibert et al., 2011) . The importance of the cAMP signal has been noticed because 8 h of FSH or (Bu)2cAMP stimulation is enough to increase the fetal rat Sertoli cell proliferation (Orth, 1984) . Moreover, Wang et al., noted in layer type chickens an upregulation in the expression of several anti-apoptotic genes (some are concerned in tumor development; Wang, et al. 2015) . These apoptosisrelated genes were differentially expressed in testes of broiler vs layer-type chickens in the case of heat stress (Wang, et al. 2015) . In addition, in the present study, we observed an overexpression of PPARβ in Sertoli cells from the layer compared to the broiler cell type. PPARβ has been described previously to be associated with tumoral cell growth (Vamecq et al., 2012) . These results could be compared with the use of the laying hen as a model which presents the specificity to spontaneously develop ovarian cancer. Another particularity of Sertoli cells from the layer type was that these cells preferably use the anaerobic pathway to produce energy, a pathway similar to the one observed in anoxic cancer cells which can increase their proliferation under limited mitochondrial respiratory conditions (Takahashi and Sato, 2014) . Together with the present observations, we might suggest a special sensitivity of gonadal cells from layertype chickens to stimulate the cell cycle (Barua et al., 2009) .
In the present study, the observed differences in growth rates between the laying and broiler types appeared to be clearly associated with their metabolic functions. Here, a higher expression of CPT1, an enzyme involved in the oxidation of fatty acids, was noted in Sertoli cells from the layer compared to the broiler type. This was accompanied by an increase in triglycerides and cholesterol at a testicular level. Similarly, lipid parameters have been depicted as more elevated in the bloodstream of layer compared to broiler type chickens (Swennen et al., 2007) . In migratory birds, the pathways of fatty acid oxidation are an important source of energy which is frequently used during their fasting period (Zhang et al., 2015) . In contrast, insulin resistance inhibits CPT1 expression and limits the oxidation of fatty acids. Moreover, in the mouse, metabolic shifts from fatty acid synthesis to fatty acid oxidation are crucial for the meiotic processes of germ cells (Dunning et al., 2014) .
In the present study, we noticed that testicular cells from the broiler type possess a higher mitochondrial activity than cells from a layer type, as indicated by their mitochondrial membrane potential depolarization and citrate synthase activity. This result supports previous observations that broiler embryos have access to more oxygen and present a higher respiratory quotient than layer-type embryos (Wolanski et al., 2007) . This high respiratory rate leads to enhanced heat production (Andrewartha et al., 2011) , suggesting a more active mitochondrial respiratory chain in broiler-type embryos. However, here we did not observe any change in the expression of two genes (PGC-1α and AMPKα) associated with mitochondria biogenesis. In contrast, we noted that the anaerobic glycolysis pathway was prevalent in testicular cells from the layer type as indicated by the elevated expression and activity of LDH enzyme accompanied by a limited activity of mitochondria in these cells. Here, it seems possible to establish some connection with previous results obtained with chicken testicular cells exposed to metformin, a drug decreasing mitochondrial activity and increasing lactate production (Faure et al., 2016) . This effect was concomitant to reduced testis development and delayed spermatogenesis in vivo (Faure et al., 2016) . Therefore, curcumin, a natural compound limiting the mitochondrial respiration (Morin et al., 2001) , has been described as increasing the expression of LDHA, CPT1, fatty acid synthase, and to decrease the mRNA levels of glucose transporter in order to elevate glycolysis and to inhibit lipid metabolism (Qiu et al., 2016) . In addition, as described above, in cancer cells or highly proliferative cell types, the glycolysis occurred to redirect pyruvate away from the mitochondria to create lactate through the action of LDH and qualified as Warburg Effect or "aerobic glycolysis". The receptor PPARβ could contribute to the Warburg effect (Vamecq et al., 2012) and in our study, the enhanced expression of PPARβ in layer Sertoli cells is another biomarker of the link between the metabolism and the Sertoli cell activity. These differences of metabolism observed in the testis are definitely associated with the metabolism of the whole organism. For example, broiler-type chickens expressed several symptoms similar to those observed in the cases of overweight or obese individuals (Ji et al., 2012) . Such symptoms include differences in lipid metabolism (Sato et al., 2006b) , pulmonary arterial hypertension, immunity, and changes in the embryonic environment. Yuan et al. (2009) described a lower expression of insulin receptors at hypothalamic level in broilers compared to layer-type hens, suggesting a potential insulin resistance occurring in the central nervous system (Shiraishi et al., 2011) . Furthemore, Sato et al. (2006) reported that eggs from a broiler type have more energetic yolk content and less albumen than layer-type eggs while the energy consumption of broilertype embryos is more elevated than in layer-type embryos (Nangsuay et al., 2015) . Others studies have revealed that the yolk of broiler-type eggs had a lower concentration of T3 hormone and higher concentration in testosterone compared to layer-type eggs (Ho et al., 2011) .
Hypothetically, the consequences of the aerobic metabolism in broiler-type chickens could initiate sensitivity or an increase in the oxidative stress, with further consequences for sperm quality (Breque et al., 2003) . Indeed, we have observed a lower antioxidant capacity, despite no difference either in the catalase activity or in the expression of Superoxide Dismutase as measured by qRT-PCR. We cannot exclude consequences for the activity of other protective enzymes such as Glutathione-dependent enzymes. Thus, an elevated mitochondrial oxidation at germ cell level may produce reactive oxygen species which, in turn, could induce oxidative damage to sperm cells, a likely cause of increasing subfertility with aging (Murphy, 2009) . In contrast, the limitation of reactive oxygen species in mitochondria may improve the quality of sperm parameters as well as facilitate oocyte-sperm interactions (Benkhalifa et al., 2014) . Thus, an overexpression of catalase enzyme in mice has a protecting effect against damage caused by oxidative stress. Ultimately, this facilitates the production of sperm with qualitative characteristics similar to those observed in young mice (Selvaratnam and Robaire, 2016) . For these reasons, the control of oxidative stress has long been considered as a pre-requisite to anticipate and possible limit sperm alterations in aging flocks (Breque et al., 2003) .
Overall, the present results suggest that the anaerobic glycolysis observed in the testes of layer type chickens may facilitate Sertoli cells proliferation during the pre-pubertal stage and increase the protective antioxidant capacity. In the long term, the activity of the Sertoli cell populations may have beneficial effects on the production of sperm with a high quality, including during the latter stages of the season.
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